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׃ .1  

IYPT2020 17 Ȃѿ ᾥ ̆ ’Ҋ ₮̆ ᾥ

̆ ₮ ’Ҋ Ḡ ץ̆

Ȃ ֟ ῐ ̆ԍ ԅ ῏ ̆

ᾥ Ȃ 

2.  

2.1 Һ ׃  

ҹ⁞ ᾥ Ҍ ץ Ҭ֟ ̆ ᾢ └ᵬ

ѿ ᾥ ᴏ ĺĺThrowArm̆ ῒ 1 2 Ȃ

ң № ĺĺ ꜚ № ̂ 2̃ȂῒҬ ꜚ №҉ ҹ ̆Ҋ

№ҹ Ȃ ץ Ȃ ̆ ꜚ ᴪ ꜚ

ꜚȂ ₯ ̂ ̃̆ Ả ꜚ̆ ₡Ṣ

ꜚ̆ ₮Ȃ 

 

 1 ᶏ  

 

 

 2  
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2.2 └ 

Һ ԍ └ңҩҺ ĺĺ ∆ Ȃ 

2.2.1 ∆ └ 

∆ ץ └Ȃ ꜚ

ⱬ ׆̆ └ ꜚ ⱴ ̆ ₮ ∆ Ȃ 

2.2.2  └ 

ץ ᵝ └Ȃ ⱴ ҹ

̆ ₮ ѿ┴Ȃ ᾥ ᵝ ᴪ ⌠ѿҩ ╠ ⱬȂ

ץ ҹ ̆ ⱬ֟ ѿҩ ꜚ ⱬ ̂  3̃Ȃ׆ ᶏ ᾥ

ѿץ ₮ Ȃ ᵝ ̆ ԅ ꜚⱬ ̆ ԅ

Ȃ 

 

 

 3 ᾥ ץ ҹ ̆ ⱬ֟ ⱬ  

 

2. 3  

̆ᶏ ῤ̆ ∆ ᴆ̂

̆ ᵝ ̃ѿ ╠ Ҋ̆ ̆ ⌠ ᾥ

ᵝ ѿ ̂  4 ̆6 20cm ῤ̃̆׆ ԅ

∆ └ Ȃ └ ҹ

20cm̂ ᾥ ҹ 4 ̃Ȃ 



6 
 

 

 4 ∆ ᴆҊ ᾥ ᵝ  

 

2. 4 №  

ץ ̆ ѿҩῖ ᾥ ΐ Ҋץ ̔ 

̂1̃ ԍ ⱬ ᵬ ̆ ᾥ ᴪḠ ѿ ̆ ⱬ(&) ԍ

ⱬȂӊ ᵣ ꜚ ̆ ⱬ(&) ԍ ⱬ̂  5̃Ȃ 

̂2̃ Ҭ̆ ᾥ ᴪ ҹ ᴪ֟ ꜚ ̆ ꜚ

ҹ‫  ̂  6̃Ȃ 

̂3̃ ѿ ѿץ̆ ֟ ̂  7̃Ȃ 

 

 

 5 ᾥ ҉  
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 6 ᾥ Ҭ ῒ ꜚ ֟  

 

 7 ҉ ᾥ  

҈҉ץ ̆ № ץ Ȃ 

̔ ԍ 2.4̂1̃ ᵝԍ № 6.2̂3̃Ȃ 

3.  

3. 0 ╠ Ẋ  

̂1̃ ᾥ ↨ᵣ;  

̂2̃ ԍ ᾥ №ᾣ ̆ ̆ ᾥ ҬḠ

Ҍ ;  

̂3̃ ‰ ᾥ ҹ 57*88 mm̆ ҹ 0.278mm̆ ҹ 1.6ğ 3.5mm

ṕ Ȃ ҹ 1.23ËÇȾά Ȃ 
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3. 1 ӈҍ (Euler Angles)  

ᾢץ ᾥ ҹ ̆ ̆ ԍ ᾥ Ȃץ

ҹὼ ̆ᶭ ώ ᾀ̆ ᵬ ὼώᾀȂῬ Ҋ ̆

⌠↨ᵣ ꜚ ὼώᾀ ̂  8̃Ȃ 

 

Ƞ 1

ựựựự
Ƞ
ł

ựựựự

 
Ƞ
ựựựự  

 8 ὼώᾀ⌠↨ᵣ ꜚ ὼώᾀ 

 

ῒҬ ᾥ ҉ —̆ ὼ ώ ҍ ꜚ ̆ ӈҹ ̆ ᵬ‌Ȃ

ᾥ ҹῒ ᾀ ̆ ᵬ‪.  

҈ Ҭ̆׆ ὼώᾀ⌠↨ᵣ ꜚ ὼώᾀ ץ [2]

 

 

ἢ  = 

ÃÏÓ‰ÃÏÓ‪ ÓÉÎ‰ÃÏÓ—ÓÉÎ‪ ÓÉÎ‰ÃÏÓ‪ ÃÏÓ‰ÃÏÓ—ÓÉÎ‪ ÓÉÎ—ÓÉÎ‪
ÃÏÓ‰ÓÉÎ‪ ÓÉÎ‰ÃÏÓ—ÃÏÓ‪ ÓÉÎ‰ÓÉÎ‪ ÃÏÓ‰ÃÏÓ—ÃÏÓ‪ ÓÉÎ—ÃÏÓ‪

ÓÉÎ‰ÓÉÎ— ÃÏÓ‰ÓÉÎ— ÃÏÓ—
 

ҽᶛ 

ἦ ἢ Ͻἦ  

ἦ ἢ Ͻἦ ἢ Ͻἦ  

ῒҬ 

ἦ

ὼ
ώ
ᾀ

    ἦ

ὼ
ώ
ᾀ

 

 

 
1 ᾀ  ‰ rad 
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ṿ , ԍ ץ ᾥ ᴪ ꜚ̂ 2.4.2̃̆

ᶏ ᾥ ꜚ Ҍᴪ ҍ ׆̆ ὼώᾀӞᴪҌ Ȃ

῀ ὼώᾀ̆ ᶏ ὼ Ḡ ҍ ̆ ғҌ

↨ᵣ ꜚ Ȃ׆ ὼώᾀ⌠ ὼώᾀ Һ 9 10 Ȃ 

 

 9 ᾥ ꜚ Ҭ ̆ҍ ҹá 

 

 

 10 ᾥ Ҭ ꜚ ̆ҍ ҹâ 

 

̆ ץ ὼώᾀ҉ ⱬ № ⌠ ὼώᾀ̆ ץ ⌠ 

       ╕●◐◑

Ὂ

Ὂ

Ὂ

ὊÓÉÎ‍ ὊÃÏÓ‍
ὊÃÏÓ‍ÓÉÎ‎ ὊÓÉÎ‍ÓÉÎ‎
ὊÃÏÓ‍ÃÏÓ‎ ὊÓÉÎ‍ÃÏÓ‎

       ̂1̃ 

‎ ‍ ‗Ҋץ  

‍ ὸὥὲ       ̂2̃ 

‎ ‫ὸ      ̂3̃ 
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ῒҬ÷ ꜚ ̆á ∆ Ȃ 

    ԍ Ҭ֟ Һ ꜚⱬĺ ⱬ ⱬ̆ҹ Ȃ ץ

ӈҌ ץ ⌠Ҍ ӊ ῏ ׆̆ Ḃ ֓ Ҍ

Ȃ 

    ῒҬ̆Һ ̔ ⱬ ⱬ̆ ( Blade Elementary Theory)

₮Ȃ 

3.2 (Blade Elementary Theory)  

ҹԅ № 2.4.3 № Ҭ῏ԍ ᾥ Ҭ ҹ2 ̆

ῒ ⱬ ⱬ֟ ⱬ № Ȃ 

3.2.1 ⱬ  

ᾢ № ֟ Ȃ ԍ Ҭ ᾥ ᴪ ̆

ᵣ ̆ ᵣ ԍ ᾥ ᴪ ᵝ Ҍ

Ҍ Ȃ ԍ ⱬҍ Ȃ ῒҬѿᶷ̆ ↨ᵣ

̆ ᵞ̆֟ ⱬ Ȃ ѿᶷ↕֟ ⱬ Ȃ ңᶷ

Ҍ ⱬ֟ ѿҩⱬ ̂  11̃ Ȃ ԍ Ӟ ̆֟ ѿҩ

҉ғᵬ ҍ ꜚ Ȃ ת ( gyroscope effect )ѿ ̆Ҍ

ⱬ ֟ ⱬ ꜚ ׆̆ ֟ ѿҩ ꜚ(precession) ̆

ꜚ ₮ Ȃ 

 

 

 11 ᾥ ңᶷ֟ Ҍ ⱬ  
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 12 ᾝ ⱬ  

 

ῒҬ ҩ ҹὨί ᾝ № Ȃ ᾥ ҹ‪̆ Ӈ

ᾝ ԍ ꜚ ᵬύ̂  ρς̃  

 

                       ύ όÃÏÓ‪ ‪ὶ   ( )      ̂4̃ 

ץ ᾝ ⱬ ҹ 

 

ὨὊ ”ύ Ὠί      ̂5̃ 

 

ῒҬὧ: ⱬ ̕”: Ȃ ⱬ ᵣᴏ (CFD)

⌠Ȃ Hummel (2003)
[1]

̆ ⱬ ҍ ↨ᵣ (‌)

῏  

ὅ ὅ ‌ὅ       ̂6̃ 

 

ῒҬ̆ὅ ҹ‌=0 ⱬ ̆ὅ ὅ- ‌₱ Ἕ Ȃ ̆ ‌ π

Ṝ̆ ҍ № Ȃ (‌)Ҍ ̆ ᾥ

҉Ҋ № Ȃ 

 

 

 13 ᾥ № ’ 
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 14 ᾥ № ’ 

 

13 14 Ansys Fluent ᴆ CFDᴏ ⌠ ᾥ

№ ⱬ№ Ȃ׆ ҬҌ ₮̆ № ᶏ ᾥ ҉Ҋ

׆̆ ֟ ⱬ ⱴ̆ᵖ ӊӞ ⱴԅҌ ̆ ⱴԅ Ҭ

Ҍ Ȃ ᴏ ̆ ⌠ԅҌ Ҋὅ῏ԍ‌ ₱ ̂ 15̃ ̆

ὅҍ‌ӊ ᶭ Ḡ ѿ ῏ Ȃ Ҍ ⱴ̆ ⱬ ὅӞ ӊ

ⱴȂ 

 

 

 15 Ҍ Ҋὅ῏ԍ‌ ₱ Ἕ 

 



13 
 

 

 16 ⱬ  

 

̂6̃Ҭ̆ ‌ σ£ ̆ὅ ҍὅ ᴏ 1 ̆ ⱬ

῏ 16 Ȃ 

 1 ‌ σ£ ̆ὅ ҍὅ ᴏ  

̂m/s̃  ╒╛♪ ╒╛  

6.3 0.0097625 -0.0018269 

7.8 0.01465009 -0.0017285 

8.6 0.0180859 -0.0033514 

9.4 0.02132141 -0.0020284 

10.7 0.02820563 -0.0045101 

13.1 0.04112179 -0.0057227 

15 0.05550596 -0.011134 

 

ҹԅ Ḃ Ȃ ὅ῏ԍ ‌₱ ҹὅ῏ԍ‌₱ ̆ῒҬ ӈ 

 

                   ‌ ÁÒÃÔÁÎ
ȿȿ ȿȿ

    ȿὺȿ ȿύȿ      ̂7̃ 

 

17̆ ὺҹ ѿҩ№ ̔ὺ όÓÉÎ‌ ό‌̆ȿὥȿ ρ 

 

 

y = 0.0007x2 - 0.0013x + 0.0057
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 17 ὺ№  

 

ṿ ̆ ҹύ ὺ ҹ ṿ ṿ̆ ύ╠ⱴ҉ ṿ ҹ

‌ ֽ ὺ ‗ Ȃ 

 

ὨὊ
ὧ

ς
”ύ Ὠί 

ρ

ς
”ύ ὅ ‌ὅ Ὠί 

ρ

ς
”ύ ὧ

ὺ

ȿύȿ
ὧ Ὠί 

ρ

ς
”ύὅ ’ȿύȿὅ Ὠί 

̆ ⱬҹὨὊ ҩ ᾥ № 

              Ὂ ”᷿ ᷿ ύὅ ’ȿύȿὅ ὨὼὨώ      ̂8̃ 

̂8̃Ҭ Ὂ ⱬ Ȃ 

ԍ ҌẢ ̆ ץ ᾥ ₃ᵥ ̆ ѿ ֟

ⱬ ṿ ԍῒ ֟ ṿȂ ̆ ѿ┴ ⱬ(Ὂ)

ⱬῈ ̂8̃ 0⌠“ ҉῏ԍ‪ №̆ ⌠ ṿῬ  Ȃ“ץ

 

̂9̃ 

3.2.2 ⱬⱬ  

ṿ ̆3.2.1 Ҭ ₮ ⱬ ԍᾀ ̂ ᵝԍ ὼώᾀ Ҭ̃

̂  18̃ ̆ ⱬ ⌠ ὼώᾀ ҬȂ 

 

╕╛●◐◑ ἢ Ͻ╕╛●◐◑ 
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              ╕╛●◐◑

ÓÉÎ—ÓÉÎ‪Ὂ

ÓÉÎ—ÃÏÓ‪Ὂ

ÃÏÓ—Ὂ

      ̂10̃  

 

̆ 18 ̆ ѿ ᾝ ̆Ҍ ⱬ֟ ⱬ ԍὨὊ z ҉

№ ̂ ҍ ᾥ ̃ӗץ ᾝ ⌠ (ὶ)Ȃ 

 

 18 ᾥ ᾝ ⱬ  

 

Ὠ†ᴆ ὨὊᴆ ὶᴆ  

Ὠ† ÃÏÓ—ὨὊẗὶ 

ρ

ς
”ύὅ ὺȿύȿὅ ὨίϽὶÃÏÓ— 

ρ

ς
”ύὅ ὺȿύȿὅ ὼ ώÃÏÓ‌ὨὼὨώ 

ᵌԍ ѿ┴ ⱬ ̆ ѿ ┴ ⱬ ҹ̔ 

 

†Ӷ
”

ς“
όÃÏÓ‪ ‪ ὼ ώ ὅ ό‌όÃÏÓ‪ ‪ ὼ ώ ὅ ὼ ώÃÏÓ‌ὨὼὨώὨ‪

ρ

ς
ὼπ

ρ

ς
ὼπ

ρ

ς
ώ
π

ρ

ς
ώ
π

 

̂11̃ 

3.2.3 ꜚ (‰)ҍ (Ὑ )  

ᾥ ̆ Ἕ ̆Ἕѿҩ Ȃ׆ ҹԅ Ḃ̆

ץ ᾥ ᵌ ѿҩ ̂  19̃  
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19 ᾥ ᵌ ѿҩ  

 

ҹԅ‗ ̆ᶏ ץ ҹ ΐ ⱴ ҍ

ᾥ ̆ ԍ Һ ҍ ꜚ ῏ ̆ ץ ң ꜚ

ȂẊ ץױז ̆ᶷ ̔ 
ὓ

ρς
ὼ ώ

ρ

ς
ὓὙ  

׆ Rҹ 

            Ὑ ὼ ώ        ̂12̃      

(Eular Angle) Ҭ, ԍѿҩ ᵌԍ (Axis - Symmetric 

Disk)̆ⱬ ̆ ꜚ ӊ ῏ ľBoomerange Flight DynamicsĿ 

( John C. Vassberg)
[2]
₮ 

†Ӷ
ρ

τ
ὓὙ ‰ ÓÉÎ—ÃÏÓ— ς‪‰ÓÉÎ— 

ῒҬ̔‰ ҹ ꜚ  

      ‪  

׆ ̆ ῏ԍ‰ ԋᾝѿ ⌠̔ 

‰
ρ

ÃÏÓ—
‪ ‪

τÃÏÓ—†Ӷ

ÓÉÎ—ὓὙ
 

ṿ ̆ ҹ ‰ ‪̆ ‰ץ ᴼπ 

Ӷ† ץ ὓὙ ‰ ÓÉÎ—ÃÏÓ— ς‪‰ÓÉÎ— ҹ 

†Ӷ
ρ

ς
ὓὙ‪‰ÓÉÎ— 

‰
ς†Ӷ

ὓὙ‪ÓÉÎ—
 

ҹ 

‰
ό

Ὑ
 

ץ ⌠ Ὑҹ̔ 

ό

Ὑ

ς†Ӷ

ὓὙ‪ÓÉÎ—
 

             Ὑ       ̂13̃ 

3.3 ⱬ  

ԍ ᾥ 20m/s ῤ̆ץ ץ ⱬ Ὲ ҹ̔ 
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            Ὂ ”όὛ      ̂14̃ 

ῒҬ̔Ὓҹ ҉  

      ὅҹ ⱬ ֽ̂ Reynolds Number (Ὑ)‗ ̃ 

₮ 

Ὑ
”’Ὠ

‘
 

ῒҬ̔ Ὠ ҹ (characteristic length)  

        ‘ҹ ᵣ  

ԍ ҍ ‌ ̂  20̃ ̆ ץ  

            3 3ÓÉÎà      ̂15̃ 

ῒҬ3ҹ ᾥ ̆ 

             ὅ ὥ‌ ὦ‌ ὧ      ̂16̃  

 

 

 20 ᾥ ҍ ‌  

 

ᵣᴏ (CFD) ⌠ ᾥ ⱬ ὅҍ ‌ӊ ԋ ₱ ῏ Ȃ

ⱴ̆ Reynolds Number ⱴ̆׆ ᶏ ⱬ (ὅ ) Ӟ

ӊ ⱴ̂  21̃ Ȃ ̂16̃ ̆ ᴏ ₮ ‌ σЈ̆a,b c ṿ

2 ̆ ⱬ ῏ 22 Ȃ 
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 21 Ҍ Ҋ ὅ῏ԍ‌ ₱ Ἕ 

 

         2 ‌ σ£ ̆a,b c ᴏ ṿ  

̂m/s̃  a b c 

6.3 -0.0001672 2.99E-05 -0.0036871 

7.8 -0.0002602 0.00014216 -0.0052621 

8.6 -0.000319 0.00013292 -0.0059187 

9.4 -0.000371 4.75E-05 -0.0067808 

10.7 -0.0004868 1.85E-05 -0.0081011 

13.1 -0.0007576 0.0006397 -0.0121295 

15.0 -0.0009697 0.00014738 -0.0138044 

 

 22 ⱬ ῏  

 

̆ ̆ ץ ⌠ ⱬ Ὲ ҹ 

y = 9E-05x2 + 4E-05x + 0.0014
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